Cell cycle, differentiation and regeneration: where to begin?
Hair cells, the sensory cells of inner ear, perform essential functions in hearing and balance. However, mammalian hair cells, like most of the CNS neurons, lack the capacity to regenerate. This is in sharp contrast to lower vertebrates in which hair cell regeneration occurs spontaneously through cell division of supporting cells, which leads to hearing restoration. It is believed that the lack of regeneration in mammals is, to a large degree, due to the block of cell cycle reentry imposed by negative cell growth genes in the inner ear. Recent studies have identified retinoblastoma gene, a well-known tumor suppressor, as the key gene involved in cell cycle exit of inner ear sensory cells. In the inner ear of pRb conditional knockout mice, hair cells undergo continuous cell division, and at the same time differentiate and become functional. Cell division continues in early postnatal cochlea and adult vestibule. Remarkably, the vestibular hair cells without pRb survive, and function at both the cellular and system levels. The time course and effects of pRb inhibition shows that there is a separation between the roles of pRb in cell cycle exit, and subsequent maturation and apoptosis. Those studies reveal distinctly different roles of pRb in the cochlear and vestibular sensory epithelia. The review discusses additional areas to be studied for regeneration of mature hair cells, and highlights the importance of transient and reversible block of pRb function as one of the routes to be explored for regeneration.